Dendritic cells (DCs) are present in the lungs and airways of healthy and allergic subjects where they are exposed to inhaled antigens. After the uptake of antigens, DCs migrate to lymphoid organs where T cells initiate and control the immune response. The migratory properties of DCs are an essential component of their function but remain unclear in the situation of allergic diseases. To better understand the role of DCs in response to allergens, we first investigated their presence in an original experimental model of allergic asthma: the humanized severe combined immunodeficiency (SCID) mouse reconstituted with peripheral blood mononuclear cells from patients sensitive to Dermatophagoides pteronyssinus (Dpt). Human DCs were detected in lungs of mice developing an inflammatory pulmonary infiltrate and appeared to be mainly located in the alveolar spaces. In a second step, human DCs were generated in vitro from monocytes and injected into naive SCID mice exposed or not exposed to Dpt aerosols. Their migratory behavior was explored, as well as their potential role in modulating the IgE production after exposure to Dpt. After exposure to Dpt, the number of DCs present in airways decreased, while it increased into the spleen and thymus of the mice. The IgE production increased in the presence of DCs as compared with mice not injected with DCs. These results suggest that DCs may play a role in the pulmonary allergic reaction developed in response to Dpt in SCID mice. (Lab Invest 2000, 80:605-614).
A llergic asthma is an inflammatory disease characterized by three main features. The first characteristic is an allergen-induced IgE antibody production that depends on direct interactions between CD40, expressed by B cells, and its ligand CD40L, expressed by T cells. After this initial interaction, T cells produce IL-4 and IL-13, two Th2 cytokines involved in the immunoglobulin class switch toward IgE (Abbas et al, 1996) . The second feature is an inflammatory reaction characterized by a cellular infiltrate composed of eosinophils and lymphocytes. The third feature is the development of an airway hyperresponsiveness (AHR). The three characteristic features of allergic asthma are present in the humanized severe combined immunodeficiency (SCID) mice model. After intraperitoneal reconstitution with mononuclear cells and exposure to Dermatophagoides pteronyssinus (Dpt) aerosols, SCID mice produced human IgE antibodies (Pestel et al, 1994) and developed a pulmonary inflammatory reaction mainly characterized by an infiltrate of activated CD4 ϩ CD45RO ϩ HLA-DR ϩ T cells (Duez et al, 1996; . Moreover, allergic hu-SCID mice exhibited an airway hyper-responsiveness to carbachol (Duez et al, 2000) .
Because the allergic reaction is mainly mediated by T cells, the role of dendritic cells (DCs), one of the most potent antigen-presenting cells, in the development of allergic reactions was investigated. Some evidence suggests a potential role of DCs in allergy. First, dendritic cells are located in human lungs, particularly in the epithelium and in the alveolar spaces and walls. Their number increases in the lungs of atopic patients (Bellini et al, 1993; Moller et al, 1996) where they form a network involved in the uptake of inhaled antigens. Second, DCs express the high affinity IgE receptor, which is implicated in the capture and the presentation of allergens to T cells (Semper et al, 1995) . In addition, in vitro experiments suggest that human DCs can interact with CD45RA ϩ T cells, which are involved in the initiation of IgE production (Patel et al, 1996) . In the mouse the selective depletion of airway DCs was demonstrated to lead to a dramatic reduction in the number of B and T lymphocytes in bronchoalveolar lavages and in Type 2 cytokine-associated eosinophilic airway inflammation (Lambrecht et al, 1998) . However, approaches to evaluate the potential role of human DCs in the allergic reaction are limited because of ethical constraints. Indeed, because SCID mice could be used to further analyze the behavior of human DCs in a more physi-ological environment, this model was used to better investigate the role of DCs in the allergic reaction.
In this study, the involvement of DCs in the development of the allergic reaction after a challenge with common aeroallergens, such as the house dust mite Dpt, in humanized SCID mice was investigated. Consequently, we first studied the presence of dendritic cells in different organs of SCID mice reconstituted with peripheral blood mononuclear cells (PBMC) from allergic patients. In a second step, the migratory behavior of dendritic cells generated in vitro from human monocytes was explored in naive SCID mice exposed or not exposed to Dpt aerosols by analyzing three different organs: the lung, spleen, and thymus. Moreover, the in vitro effect of Der p 1, the major allergen of Dermatophagoides pteronyssinus, on the biological activity of monocyte-derived DCs was explored. The modulatory effect of Der p 1 on the expression of the adhesion molecule CD11c (highly expressed by DCs and involved in their migration from nonlymphoid to lymphoid organs) was investigated, as well as the impact of Der p 1 on the production of TNF␣, a pro-inflammatory and dendritic cell maturing cytokine. In the last part of this study, the capacity of DCs to modulate an IgE versus the IgG production was analyzed in SCID mice reconstituted with peripheral blood mononuclear cells (PBMC) from allergic patients and injected or not injected with autologous DCs.
Results

Detection of Human Dendritic Cells in PBMC hu-SCID Mice by Immunohistochemistry
As previously described in other works (Duez et al, 1996; , the number of human CD45 ϩ cells in the lungs of SCID mice reconstituted with PBMC from allergic patients was largely higher (90 Ϯ 7 cells/mm 2 ) than the number of human cells detected in the lungs of SCID mice reconstituted with PBMC from healthy donors (6 Ϯ 1 cells/mm 2 ). Interestingly, when the mice were reconstituted with PBMC from asthmatic allergic patients, the number of CD1a ϩ cells was 8-fold higher than in nonallergic SCID mice ( p ϭ 0.02). Moreover, the number of mature DC-LAMP ϩ cells was 10-fold higher in the lungs of allergic PBMC hu-SCID mice compared with the controls (Fig. 1) . DCs from patients with asthma were mainly located in the alveoli. Both mature (DC-LAMPϩ) and immature (DCGM4ϩ) DCs were detected in the lungs of allergic PBMC hu-SCID mice. In the broncho-alveolar lavage fluids of allergic PBMC hu-SCID mice, mature DC (CD83ϩ, DC-LAMPϩ) represented 0.8% and immature DC (CD1aϩ, DCGM4ϩ) only 0.2% of the total cell number.
In the spleen, only a few DCs (1/mm 2 ) were detected when the mice were reconstituted with PBMC from either allergic patients or healthy donors. In the thymus, no DCs could be detected in SCID mice reconstituted either with PBMC from allergic patients or with PBMC from nonallergic donors (data not shown).
Phenotype of Dendritic Cells Differentiated In Vitro from Monocytes
Dendritic cells detected in the lungs of PBMC hu-SCID mice suggest that PBMCs are able to differentiate into DCs after their injection into hu-SCID mice. Because it has been previously shown that DCs can be generated in vitro from PBMCs in the presence of GM-CSF and IL-4, we have compared the phenotype of DC generated from PBMC isolated from both healthy donors (n ϭ 8) and allergic patients (n ϭ 10). After 14 days of culture in presence of GM-CSF and IL-4, flow cytometry analysis revealed the presence of two cell populations. The first one displayed the same size as monocytes but expressed low levels of CD14 and CD1a markers. The second population was constituted of large cells expressing low levels of CD14 marker but high levels of CD1a marker. Dendritic cells from healthy subjects expressed high levels of CD1a (MFI ϭ 1307.4 Ϯ 280.5) and low levels of CD83, a marker of mature DCs (MFI ϭ 8.02 Ϯ 3.7). They also expressed the costimulatory molecules CD80 (MFI ϭ 75.49 Ϯ 26.3) and CD86 (MFI ϭ 75.72 Ϯ 23.95). One representative experiment is shown in Figure 2 .
Dendritic cells from allergic patients also expressed costimulatory molecules CD80 (MFI ϭ 46.89 Ϯ 7.31) and CD86 (MFI ϭ 123.3 Ϯ 20.21) (Fig. 2) . Interestingly, dendritic cells from atopic patients presented a totally different surface phenotype than cells from healthy patients; they expressed low levels of CD1a (MFI ϭ 144.97 Ϯ 29.19) and high levels of CD83 (142.04 Ϯ 7.26) on their membrane compared with DCs from healthy donors (Fig. 3) .
Detection of Human Dendritic Cells in DC hu-SCID Mice by Immunohistochemistry
In this part of the experimental protocol, SCID mice were exclusively reconstituted with 1 ϫ 10 6 purified human dendritic cells but without previous engraftment with PBMC. The only experimental variable was represented by the fact that mice were exposed or not exposed to the allergen. In mice injected with purified DCs from healthy donors without consecutive exposure to the allergen aerosol, dendritic cells were detectable in the lung (3 Ϯ 0.7 CD1a ϩ DCs/mm 2 ) but also in the spleen (10 Ϯ 0.7 CD1a ϩ DCs/mm 2 ) and in the thymus (2 Ϯ 0.4 CD1a ϩ DCs/mm 2 ) of the mice. When the mice were exposed to an aerosol of Dpt, CD1aϩ cells were also detected in the three collected organs, however the number of cells detected in the lungs was lower than in mice not exposed to Dpt (2 Ϯ 0.9 DC/mm 2 ). In contrast, the number of CD1aϩ cells detected in the spleen and in the thymus of the animals was higher after allergen exposure (15 Ϯ 1.1, p ϭ 0.005 and 4 Ϯ 0.4 DCs/mm 2 , p ϭ 0.01, respectively, as compared with mice not exposed to Dpt) (Fig. 4A) . When DCs were obtained from blood samples of allergic asthmatic patients, the number of CD1aϩ cells detected in the lungs, spleen, and thymus of the mice was higher (respectively 8 Ϯ 0.7, 16 Ϯ 0.4 and 4 Ϯ 0.7 DCs/mm 2 ) by comparison with DCs from healthy donors ( p Ͻ 0.05) (Fig. 4B ). When the mice were exposed to Dpt, the cell number decreased in the lungs (2 Ϯ 1.1 DCs/mm 2 , p ϭ 0.001) as compared with mice not exposed to Dpt but increased in the lymphoid organs, namely the spleen and the thymus (24 Ϯ 0.4 DCs/mm 2 in the spleen p ϭ 0.01 and 6 Ϯ 0.9 p ϭ 0.18 DCs/mm 2 respectively) as compared with mice not exposed to Dpt.
Detection of Dpt-Pulsed DC in Lymphoid Organs of DC hu-SCID Mice
To better understand why the number of human DCs was increased in the lymphoid organs after allergen exposure, the detection of allergen-positive DCs was investigated in different lymphoid organs (the spleen and the inguinal lymph nodes) of the mice before and after Dpt inhalation by using a specific anti-Der p 1 rabbit serum. As shown in Figure 5A , before allergen exposure, in the lymphoid organs of DC hu-SCID mice (n ϭ 6) reconstituted with DCs from healthy donors, no allergen-loaded DCs were detected. In contrast, after Dpt inhalation, allergen-loaded DCs were found in the spleen (8 Ϯ 2 cells/mm 2 ) and the lymph nodes (7 Ϯ 2 cells/mm 2 ) of these mice (n ϭ 7). Similar effects were observed in mice (n ϭ 12) reconstituted with DCs from allergic patients (Fig. 5B) . In contrast when spleen sections of SCID mice reconstituted with DCs from healthy donors or from allergic patients and exposed to Dpt allergen were analyzed with a serum from nonimmunized rabbits or with a serum from rabbits immunized with a nonimmunogenic Der p 1 peptide, no positive cells were detected.
Allergen-Induced Modulation of CD11c Expression
Monocyte-derived DCs from both healthy donors (n ϭ 5) and allergic patients (n ϭ 8) that were cultured for 14 days with GM-CSF and IL-4 highly expressed CD11c on their membrane (MFI ϭ 663.73 Ϯ 66.94). After 7 days of incubation with Der p 1, the major allergen of the house dust mite Dpt, CD11c was found to be up-regulated on DCs (MFI: 1087.15 Ϯ 157.41) (Fig. 6) .
TNF␣ Production by Monocyte-Derived DCs
TNF␣ production was analyzed after exposure of DCs to 100 ng/ml Der p 1 or to 100 ng/ml tetanus toxin for 24, 48, and 72 hours. At baseline, DCs not exposed to Der p 1 were shown to produce TNF␣. However, after exposure to Der p 1 as shown in Figure 7 , DCs from allergic patients (Fig. 7A ) and from healthy donors (Fig.  7B ) significantly increased TNF␣ production ( p Յ 0.05). Interestingly, after 72 hours, only DCs from allergic patients continued to produce high amounts of TNF␣. Moreover, DCs from allergic patients (Fig.  7A ) and from healthy donors (Fig. 7B) exposed to the Number of CD1aϩ dendritic cells detected in the lungs, spleen, and thymus of SCID mice exposed or not exposed to allergen aerosol, 7 days after mice reconstitution with DCs from healthy donors (A) or from allergic patients (B). Results are expressed as the mean number of cells Ϯ SEM per mm 2 . *p values Յ 0.05.
Figure 5.
Number of Dpt-positive dendritic cells detected in the lymphoid organs (spleen and lymph nodes) of SCID mice reconstituted with DCs from healthy donors (A) or allergic patients (B) and exposed or not exposed to allergen aerosol. Results are expressed as the mean number of cells Ϯ SEM per mm 2 . *p values Յ 0.05.
tetanus toxin significantly increased their TNF␣ production after 24 hours. However, the toxin-induced amounts of TNF␣ were lower than the allergeninduced amounts. After 48 and 72 hours, the amount of TNF␣ released by the DCs in response to the tetanus toxin were not significantly different from those produced by unstimulated DCs. In conclusion, Der p 1 seemed to favor a sustained TNF␣ production.
Modulation of the IgE/IgG Production by Dendritic Cells
In the sera of mice (n ϭ 13) reconstituted only with PBMC from healthy donors (n ϭ 4), low concentrations of human IgE (1.6 Ϯ 0.99 IU/ml) were detected at Week 1. IgE production did not change at Weeks 2 and 3. When the mice (n ϭ 13) were previously reconstituted with DCs, the level of IgE detected in the murine sera increased (10.3 Ϯ 4.7 IU/ml) as soon as at Week 1, but the variations appeared to be nonsignificant up to Week 3 (Fig. 8A) . However, in the presence of DCs, the IgG production was significantly increased as compared with mice injected with PBMC only (Fig.  8B) .
In mice (n ϭ 13) reconstituted only with PBMC from allergic patients with low levels of IgE (n ϭ 4), the concentrations of human IgE were higher (6.7 Ϯ 2.2 IU/ml; p Ͻ 0.05) than those found in mice reconstituted with PBMC of healthy donors at Week 1. IgE production remained constant at Week 2 (7.7 Ϯ 2.5 IU/ml) and decreased at Week 3. In mice (n ϭ 12) reconstituted previously with DCs of allergic patients, the IgE production significantly increased at Week 1 (43 Ϯ 22.3 IU/ml; p Ͻ 0.05) as compared with mice reconstituted only with PBMC and remained at a high level up to Week 3 (Fig. 8C) . Moreover, in mice injected with cells from allergic patients, the presence of DCs did not have any effect on the IgG production as compared with mice injected with PBMC only (Fig.  8D ).
Discussion
The purpose of this work was to investigate the role of DCs in the allergic reaction. In a first step, the presence of dendritic cells in the lungs of SCID mice previously reconstituted with PBMC of atopic patients or healthy donors was investigated. When exposed to allergen aerosols, humanized SCID mice produced IgE and developed a pulmonary inflammatory infiltrate consisting of human CD45ϩ cells, primarily CD4ϩ T cells (Duez et al, 1996) . The present results show that human dendritic cells are detectable in lungs of hu-SCID mice developing a lung infiltrate. These cells were mainly located in the alveoli. In humans, previous works have already shown the presence of DCs at a similar place, however despite their low frequency (0.4% of the cells collected in bronchoalveolar lavage), they were closely associated to the initiation of the immune response in airways (Van Haarst et al, 1994) . The DCs found in the lungs of hu-SCID mice were mainly mature cells. This maturation may be due to the allergen itself. It is known that after contact with an antigen, DCs become mature and increase the CD83 expression. The mechanism of DC maturation is still not completely understood. However, it is known that TNF␣ acts as an important maturation factor (Lore et al, 1998) , and we demonstrated here that DCs from healthy donors and from allergic patients exposed in vitro to Der p 1, a major allergen of Dermatophagoides pteronyssinus, lead to a rapid increase in TNF␣ production. In the case of DC from allergic patients, this increase of TNF␣ production lasted longer than in DC from healthy donors, certainly explaining the higher number of mature DCs encountered in allergic PBMC hu-SCID mice.
To better understand the behavior of DCs in allergic disease, we have studied their migration after a single injection in naive SCID mice of human DCs derived from monocytes cultured for 14 days with GM-CSF and IL-4. We analyzed the migratory behavior of DCs. The cells that we obtained in culture expressed different DC surface markers, such as CD1a or CD83. The expression of CD1a in our experience was heterogeneous and varied from one donor to the other. Nevertheless, more than 70% of cells derived from monocytes of nonallergic patients expressed CD1a. The second population of cells expressed low levels of CD14 and might represent precursors of DCs. During the differentiation into DCs, monocytes lose the expression of CD14 and acquire the CD1a marker (Cella et al, 1997) . In this study, we have shown that dendritic cells from atopic patients expressed low levels of CD1a and expressed the mature dendritic cell marker CD83 compared with cells from nonatopic patients.
These data suggest that cells obtained by the culture of monocytes from nonatopic patients were immature cells. In contrast, dendritic cells from atopic patients were mature. Generally, culture medium supplemented with GM-CSF and IL-4 is used to obtain immature cells. To obtain mature dendritic cells, other cytokines such as IL-1␤ and TNF␣ or prostaglandin E2 have to be added in the culture medium (Kalinski et al, 1998) . In our study, no TNF␣ or IL-1␤ was added. Therefore, one of the ways for cells from atopic patients to mature might be to produce one of these cytokines, such as TNF␣ (Lore et al, 1998) , acting in an autocrine manner. Moreover, it is known that mature DCs are more efficient in the stimulation of naive T cells (Palucka et al, 1998) .
In this study, we showed that human dendritic cells injected intraperitoneally into naive SCID mice were capable of migrating even in the absence of an exogenous stimulation (allergen aerosol) and were located in different murine organs. The way of administration of the cells is critical in this kind of study. It has been shown in monkeys that when dendritic cells were injected intravenously, they were located mainly in the spleen, where they were eliminated. In contrast, in the same monkey model after subcutaneous injection, dendritic cells derived from monocytes cultured with 
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GM-CSF and IL-4 could migrate without any stimulation and were located in draining lymph nodes 5 days later (Barratt-Boyes et al, 1997) .
In the SCID model, dendritic cells injected in the peritoneal cavity were able to migrate to the lungs, where they were detected 7 days after the reconstitution of the mice. The cell number detected remained very low. This migration occurred without any stimulation. A kinetic of DC migration was performed. The lungs, spleen, and thymus of the mice were collected 1, 3, and 5 days after the cell reconstitution. The results showed that DCs were detected in the lungs of the mice 1 day after the cell transfer, suggesting that DCs have high capacities of migration.
After allergen exposure, the number of cells detected in the mouse lungs decreased. The presence of dendritic cells in the lungs suggests that these cells may be involved in the inhaled antigen uptake. Their decreasing number after allergen inhalation can be explained by the fact that the cells located in the lungs before the inhalation took up the allergen, left the lungs and migrated to lymph nodes or lymphoid organs, where they might induce a T cell dependent immune response. Recent studies showed that after Toluene Diisocyanate (TDI) inhalation in a guinea pig model, the number of dendritic cells increased in lungs approximately 24 hours after exposure to the hapten. A few hours later, the number of DCs decreased in the airways (Ban et al, 1997) . In DC hu-SCID mice, dendritic cells were also located in lymphoid organs of the mice: the spleen and the thymus of the animals. The number of cells detected was higher in mice exposed to the house-dust mite aerosol. In our study, allergenpositive DCs from healthy donors were located, after inhalation, in the spleen and peripheral lymph nodes. In our experimental conditions, the potential reactivity against the components of CFA adjuvant was partially excluded by using a serum from rabbit immunized with a nonimmunogenic peptide of Der p 1 but in the presence of CFA. As in SCID mice reconstituted with DCs from healthy donors without inhalation, no allergen-positive DCs were detected in the lymphoid organs, these results suggest that nonallergen-loaded DCs can migrate from the peritoneal cavity to the lungs where, exposed to the allergen, they take it up and leave the lungs, heading toward the spleen and lymph nodes. Thus, these results suggest that GM-CSF and IL-4-driven DCs introduced by the peritoneal route into SCID mice can migrate to the lungs and acquire the same behavior as lung DCs.
In the spleen, dendritic cells may initiate the response of CD4 ϩ and CD8 ϩ T cells (Leenen et al, 1998) . Moreover, DCs may contribute to the initiation of the production of IgE in the spleen, where germline epsilon immunoglobulin heavy chain transcripts are expressed by B cells (Goodman and Gerondakis, 1997) . The reason why dendritic cells migrate from the peritoneal cavity to the lungs of SCID mice is still unclear. Dendritic cells are sentinels of the immune system, capable of circulating from one organ to the other. This migration could depend on the adhesion molecule network. Several studies have shown that dendritic cells express membrane adhesion molecules, such as ␤2 integrins CD11a/CD18 and CD11c/ CD18 (McCarthy et al, 1997) . Indeed, the migratory capacities of human dendritic cells in mice could depend on interactions between human ␤2 integrins and murine ICAM1 expressed by endothelial cells. The murine molecule called MALA-2 displays high homologies with the human intracellular adhesion molecule ICAM-1 (Horley et al, 1989) . ICAM-1 is expressed by lung dendritic cells and seems to be involved in the co-stimulation of T cells leading to their proliferation (Masten et al, 1997) . It has also been shown that dendritic cells were able to migrate from nonlymphoid organs, where they have been stimulated by antigens, to the spleen. This migration is dependent upon the CD11 adhesion molecule (McCarthy et al, 1997) . In our experiments, DCs obtained from monocytes cultured with GM-CSF and IL-4 expressed significant levels of CD11c. It is known that CD11c is highly expressed by lung DCs (Nicod and el Habre, 1992) . TNF␣ has been shown to be involved in DC migration by recruiting these cells in the airway epithelia in a model of respiratory infection (McWilliam et al, 1994) . Because CD11c can be up-regulated after contact with Der p 1 (the major allergen of Dpt), certainly because of the allergen-induced TNF␣ production, this adhesion molecule might be involved in the migration of DCs in SCID mice from the lungs (where DCs were exposed to the allergen) the spleen or the lymph nodes (where allergen-positive DCs were detected).
In the last part of this work, we showed that in SCID mice reconstituted intraperitoneally with both DCs and PBMC from allergic patients and exposed to Dpt aerosols, the level of human IgE detected was higher compared with control mice reconstituted with PBMC only. Moreover, in these same mice, the presence of DCs did not modify the IgG production. It is well known that dendritic cells can stimulate CD45ϩ T cells in the presence of antigen. These T cells are involved in the IgE production by providing IL-4, necessary to the switch toward IgE, and the second signal via CD40-CD40L, involved in the interactions between T cells and B cells (Patel et al, 1996) . Moreover, depletion of airway DCs with ganciclovir in thymidine kinase-transgenic mice exposed to ovalbumin aerosols led to a significant decrease of the IgE production. This suggests that T cell help for IgE synthesis was deficient (Lambrecht et al, 1998) . Because the production of IgE is dependent on IL-4, our results suggest that 1 ϫ 10 6 human dendritic cells introduced via the peritoneal route may amplify a Th2 response.
The presence of DCs in the inflammatory cellular lung infiltrate suggests this cell type is playing an eminent role in the allergic reaction. We can hypothesize a role for DCs in the afferent phase of the immune response by presenting antigens captured in lungs to T cells in lymphoid organs. This may then lead to an increase in the IgE production. The SCID mouse model should be very useful to study the early events leading to sensitization. 
Materials and Methods
Patients
Blood was collected from donors sensitive or not sensitive to house dust mites. Allergic patients (n ϭ 15) presented the usual features of house dust mite sensitization. Skin prick tests toward Dpt were positive, and all patients had serum specific IgE antibodies. Total IgE concentrations were greater than 150 IU/ml (150 -1600 IU/ml). Healthy donors (n ϭ 10) were tested as negative controls (total IgE levels were less than 150 IU/ml, and they had negative skin prick tests toward commonly inhaled allergens).
Peripheral Blood Mononuclear Cell Preparation
Platelet rich plasma was obtained after centrifugation (120 ϫg, 15 minutes) and discarded. Blood cells were then diluted in RPMI 1640 (Life Technologies, Paisley, Scotland) (vol/vol) and layered over a Ficoll gradient (Pharmacia, Uppsala, Sweden). After centrifugation (400 ϫg, 30 minutes), PBMCs were harvested and washed.
Dendritic Cell Differentiation Conditions
PBMCs were layered on a Percoll gradient (Pharmacia). After centrifugation (400 ϫg, 25 minutes), monocytes were collected and washed twice in RPMI 1640 medium before plating (2 ϫ 10 6 cells/2 ml per well) into 6-well flat-bottomed culture plates in RPMI 1640 medium supplemented with 1% antibiotics and 10% fetal calf serum (Life Technologies). After 1 hour 30 at 37°C, nonadherent cells were removed, and adherent cells were cultured at 37°C in humidified 5% CO 2 in air, in RPMI medium supplemented with GranulocyteMacrophage colony stimulating factor (GM-CSF) (Peprotech, London, United Kingdom) (20 ng/ml), and in IL-4 (Genzyme, R&D, Oxon, United Kingdom) (200 IU/ml) for 14 days. GM-CSF and IL-4 were added every 3 days.
Flow Cytometry Dendritic Cell Surface Marker Analysis
After 14 days of culture in the presence of GM-CSF and IL-4, the cells were collected and incubated for 30 minutes on ice with different monoclonal antibodies: FITC-conjugated CD1a (Dako, Trappes, France), CD80 (Becton Dickinson, Mountain View, California), CD83 (Immunotech, Marseille, France), and PEconjugated CD86 (Becton Dickinson) and CD11c (Becton Dickinson), or with an irrelevant monoclonal antibody of the same isotype (Pharmingen). After washing, the cells were fixed in PBS, 1% paraformaldehyde and analyzed with an FACScalibur (Becton Dickinson).
Induction of CD11c Expression by Der p 1 Allergen
DCs were obtained as described above and were cultured in vitro for 7 days in the presence of GM-CSF and IL-4. At day 7, 100 ng/ml Der p 1 (kindly provided by G.A. Stewart, Perth, Australia) were added in the culture medium every 3 days for 6 days. DCs were then collected and incubated with an FITC-conjugated anti-CD11c antibody for 30 minutes at 4°C. DCs were washed, fixed in PBS-Paraformaldehyde 1%, and analyzed by flow cytometry.
Human TNF␣ Measurement
DCs were cultured for 7 days and were exposed in vitro to 100 ng/ml Der p 1 or to 100 ng/ml tetanus toxin (Boehringer Mannheim) for 24, 48, and 72 hours. Supernatants of 1 ϫ 10 6 DCs were assayed for TNF␣ production. The production of TNF␣ was measured in culture supernatants by TNF␣ specific ELISA by using Eli-pairs (R&D Systems). The sensitivity of detection was 10 pg/ml. Mice C.B.-17 SCID mice (5-7 weeks old) were maintained in isolators (La Calhè ne, Vé lizy, Yvelines, France) with sterilized bedding at the Pasteur Institute of Lille. The SCID colony was regularly checked for absence of mouse serum immunoglobulins.
Peripheral Blood Mononuclear Cells Transfer in SCID
Mice: PBMC hu-SCID Mice SCID mice were reconstituted by intraperitoneal injection of 10 ϫ 10 6 mononuclear cells from allergic patients (n ϭ 8) or healthy donors (n ϭ 5). On the same day, they received intraperitoneally 2 IR Dpt. Four days after the cell reconstitution, one group was exposed to daily allergen aerosols (100 index reactivity [IR] units) for 4 successive days. The control group was not exposed to Dpt. One month later, all mice (n ϭ 24) were sacrificed, and lungs, spleen, and thymus were recovered. The excised organs were fixed in 4% buffered paraformaldehyde and dehydrated before freezing or inclusion in paraffin.
Dendritic Cell Transfer in SCID Mice: DC hu-SCID Mice
Dendritic cells (1 ϫ 10 6 ) obtained from in vitro culture of monocytes from allergic patients (n ϭ 7) or healthy donors (n ϭ 5) were transferred intraperitoneally into naive SCID mice. One group of mice was exposed to Dpt by two aerosols performed 4 days after the mice reconstitution. The second group used as a control was not exposed to allergen inhalation. Seven days after the cell reconstitution, SCID mice (n ϭ 28) were sacrificed and their lungs, spleen, and thymus were removed. The excised organs were fixed in 4% buffered paraformaldehyde and dehydrated before freezing or inclusion in paraffin.
DCs and PBMC Transfer in SCID Mice: DCs؉PBMC hu-SCID Mice
Naive SCID mice were reconstituted at Day 0 with 1 ϫ 10 6 human dendritic cells obtained from monocytes in culture. A group of mice not reconstituted with human DCs was used as a negative control. At Day 5, PBMC of the same donors (allergic asthmatics [n ϭ 4] or healthy donors [n ϭ 4]) and 2 IR Dpt were injected in the peritoneal cavity of all mice. At Day 9, all mice were exposed to a daily aerosol of Dpt for 4 days. Blood was collected from all mice each week for 4 weeks.
Immunohistochemical Analysis of the Organs
Serial frozen or paraffin tissue sections (6 mm thick) were performed on the different collected organs. After a 20 minutes permeabilization in Tris buffered saline (TBS)-Triton 0.3%, the slides were saturated for 1 hour at room temperature with TBS-20% normal human serum. Sections were incubated for 1 hour with the following primary antibodies specific for human markers: CD1a (Dako), CD83 (Immunotech), HLAclass II (Dako), CD68 (Dako), CD45 (Becton Dickinson), DC-LAMP (specific for mature DCs), and DCGM4 (specific for immature DCs, kindly provided by Serge Lebecque; Schering Plough, Dardilly, France) or an isotype-matched mouse IgG (Dako) as a negative control. After saturation with 10% normal human serum diluted in TBS, sections were stained using an APAAP technique (Dako) previously described (REF) (Duez et al, 1996) , repeated once to increase the sensitivity of the reaction. All slides were lightly counterstained with hematoxylin (Sigma, St Louis, Missouri). Cells were counted in at least two different grids at a magnification of ϫ250, corresponding to 1 mm 2 . The number of human cells was expressed as the mean Ϯ SEM per mm 2 . The antibodies used in this study did not cross react with murine tissues.
Detection of Allergen-Pulsed DCs
Serum was collected from rabbits immunized with a peptide (ie, peptide 117-133) of Der p 1 (Jeannin et al, 1992) , a major allergen of the house dust mite Dpt, and was tested in immunohistochemistry for the detection of allergen-positive DCs. Because CFA was used as adjuvant in the peptide immunization protocol, serum from rabbits immunized with a nonimmunogenic peptide of Der p 1 (peptide 176 -187) was used as potential negative control to exclude a nonspecific immune reactivity. Using Western blot this negative control serum failed to recognize Der p 1. Sections of spleen and peripheral lymph nodes (inguinal lymph nodes) were permeabilized for 20 minutes with TBSTriton 0.3%. After inactivation of endogen peroxidases with TBS-H 2 O 2 1%, the slides were incubated for 1 hour with 1/100 of the rabbit serum diluted in TBS at room temperature. They were then incubated with a peroxidase-conjugated secondary antibody (Sigma) for 30 minutes. Sections were stained using the peroxidase substrate DAB (Vector Laboratories, Burlingame, California). All slides were lightly counterstained with hematoxylin.
IgE/IgG Measurement in DCs ؉ PBMC hu-SCID Mice
The detection of total human IgE was investigated by using a CAP-system method (Pharmacia). The sensitivity of detection was 0.1 IU/ml. The detection of total human IgG was investigated by nephelometry. The sensitivity of the method allows the detection of low levels of IgG (1 mg/ml).
Statistical Analysis
Results are expressed as the mean Ϯ SEM. Parametric statistical analysis of dendritic cells in lungs, spleen, and thymus of mice exposed or not exposed to Dpt aerosols and analysis of the IgE/IgG production were performed using the Wilcoxon test. Values of p Յ 0.05 were considered as statistically significant.
